Objectives: Chest pain in childhood is a frequent cause of referral to pediatric cardiology departments although cardiac etiology is very rare. Etiology is usually unidentified and named as 'idiopatic chest pain'. It is also well known fact that chronic pain is associated with insuffiency of some nutritional factors even in childhood. Our aim was to investigate if there is a relationship between nutritional defiencies with idiopathic chest pain in children. Methods: We retrospectively reviewed 364 patients who were referred pediatric cardiology department in one year period due to experienced chest pain more than one time. Among these patients, a total of 109 patients who had complete blood count, serum ferritin, vitamin B 12 and 25-(OH) vitamin D levels in pediatric outpatient clinics before and the etiology was still unidentified after a detailed cardiac and other examinations formed the study group. Age and sex matched 59 healthy children without chest pain formed the control group. All participants had been evaluated with a detailed physical examination and patients in chest pain group also had an electrocardiographic ve echocardiographic evaluation. Results: Vitamin B12 and Vitamin D levels were lower in noncardiac chest pain group while there was no difference between groups in term of ferritin levels and complete blood count parameters. These difference is statistically significant particularly in vitamin D levels. Conclusions: Our results showed that low Vitamin D levels is associated with chronic chest pain in children. The present study provide the necessity of evaluating nutritional parameters in children with noncardiac chest pain.
deficiency is that vitamin D has been found to act as a neuroactive steroid, interfere with the creation and role of neurotrophins, influence prostaglandin action, effect inflammatory pathways, and inhibit nitric oxide synthase and T-helper cells [7] . Studies reported that even mild vitamin D deficiency may produce a variety of musculoskeletal pains such as fibromyalgia-like pain, low back pain, and arthralgia [8] . However, many tissues express vitamin D receptors and like other hormones, vitamin D plays a role in a wide range of processes in the body and the relationship between vitamin D deficiency and different pain types such as nociceptive and inflamatuary pain has also been proven [9] . In addition to this, vitamin B12 has been regarded as painkilling vitamin for decades and has been used in the treatment of pain which is particularly neuropatic [10] .
In respect of iron, iron status is an important risk factor for cardiovascular health and clinical spectrum of iron deficiency range from asymptomatic to heart failure [1] and analghesic effect of iron oxide particles in inflamatuary pain sydrome were showed in a recent mice study [11] . On the other hand, chest pain is one of the main causes of recurrent referral to pediatric emergency and pediatric cardiology departments and the most common etiology is still unknown and called as'idiopathic' with a percentage of 21-59 % [12] . Different studies were made to enlight this unknown etiology to this date [13] [14] [15] [16] . However, there has been no published studies that evaluated the relationship between idiopathic chest pain and nutritional deficiencies according to our knowledge.
The aim of this study was to contribute the management of children with chest pain by examining the serum levels of iron, vitamin B12 and vitamin D in these children and relationship between nutritional deficiencies and presence of idiopathic chest pain.
METHODS
The patients who were referred to pediatric cardiology because of recurrent chest pain between the dates of December 2016 to December 2017 were retrospectively reviewed. All participants with chest pain were screened with a detailed procedure including history, physical exam, electrocardiogram, transthorasic echocardiogram and were also evaluated for other possible causes of chest pain including gastroeusophageal reflux, costochondritis and pneumonia. A total of 109 patients who showed no evidence of obvious medical pathology and provided the condition of having complete blood count, serum ferritin, vitamin B12 and 25-(OH) vitamin D levels in pediatric outpatient clinics were considered eligible for the study group. Randomly chosen, age and sex matched healthy children without chest pain who was admitted pediatrics department for routine control formed the control group. Excluded from the study were any children with structural heart disease, hematologic disease (thalessemia, sicle cell anemia, etc.), dysrhythmia, chronic ilness or were taking any regular medications.
The serum levels of ferritin, vitamin B12 and 25-(OH) vitamin D was measured by chemiluminescent immunoassay method (Architect, Abbott, USA). Ferritin was lower than 25 ng/ml was considered as low iron storage [1]. Vitamin B12 deficiency was defined as serum level of vitamin B12 was 200 pg/ml [17] . Vitamin D insuffiency and vitamin D deficiency were considered when 25-(OH) vitamin D levels were level between 12-20 ng/ml and lower than 12 ng/ml respectively [18] .
The present study was approved by a scientific committee comprising the hospital administration and the lecturers and performed in accordance with the Declaration of Helsinki.
Statistical Analysis
The data were recorded with the Statistical Package for the Social Sciences program version 21 (SPSS, Inc., Chicago, IL, USA). The distributions of continuous variables were analyzed with the ShapiroWilk test. The descriptive statistics were defined as mean ± standard deviation for normally distributing data and as median (minimum-maximum) for nonnormally distributing data. The significance of the differences in mean values between two independent groups was analyzed with the Student t-test and the significance of the differences in median values between two independent groups was analyzed with the Mann-Whitney U test. Relationships between variables were tested with Pearson or Spearman correlation analysis where appropriate. A value of p < 0.05 was taken to statistical significance.
RESULTS
A total of 364 children were admitted pediatric cardiology department due to recurrent chest pain in one year period. A total of 109 children who diagnosed with idiopathic chest pain had complete blood count, serum levels of ferritin, vitamin B12 and vitamin D in pediatric outpatient clinics and formed study group. The average age of study and control group was 12.4 ± 3.6 years and 11 ± 4.6 years, respectively. There were 71 (65.1%) girls in study group while there were 30 (50.8%) girls in control group. There were no difference between groups in terms of age and gender (p = 0.14 and p = 0.07, respectively) ( Table 1 ). There were no difference between groups in terms of serum ferritin levels and hemoglobin, hematocrit, red blood cell values (p > 0.05) (see Table 1 ). The serum vitamin B12 levels of study group was lower than control group although was not statistically significant (p = 0.1) ( Table 2 ). There were 14 (12.8%) children in study group with vitamin B12 deficiency while there were 8 (13.6%) children vitamin B12 deficiency in control group. Serum level of 25-(OH) vitamin D was significantly lower in study group (p = 0.001). There were 65 (57.8%) children with vitamin D insufficiency in study group while there were 18 (30.5%) children with vitamin D insufficiency in control group. In addition to this, 40 (36.7%) of children in study group had vitamin D deficiency and 3 (5.1%) of children in control group had vitamin D deficiency (p < 0.01) ( Table 2) .
DISCUSSION
In this retrospective study we found that vitamin D level was significantly lower in children with idiopathic chest pain whereas there were no difference in terms of ferritin and vitamin B 12 levels.
The association of vitamin D deficiency with multiple forms of chronic pain are reported by several studies such as musculoscelatal, nociceptive, inflammatuary, cancer pain, etc., [9, [19] [20] [21] [22] [23] [24] ! not yet fully elucidated, possible mechanism for vitamin D in pain management are the antiinflammatory effects mediated by reduced cytokine and prostaglandin release and effects on T-cell responses [7] . For this reason, vitamin D deficiency may lead to increased pain sensation, increased excitability and poor muscle function because of the lack of antiinflamatuary effect and its effect on nerve function [8, 9, 21] . Recent studies have been shown that vitamin D reduces pain severity, improves musculosceletal mobility [21] [22] [23] . Apart from vitamin D's effects on musculosceletal system it has been implicated that vitamin D supplementation is also useful to reduce headache with its neuroprotective effect even in pediatric age [23, 24] . In accordance with previous studies which evaluated vitamin D levels and different pain types, our study has showed that vitamin D levels are lower in children with idiopathic chest pain. Although the most common cause of chest pain in pediatric age is idiopathic chest pain, musculosceletal problems have also an important role in the etiology with a wide range of 12.8%-64% [24, 25] . Apart from the ilnesses like costocondritis, precordial catch syndrome etc., some musculosceletal problems may not have spesific anamnestic features or physical examination findings and may be diagnosed as idiopathic chest pain. Recent studies have been showed that vitamin D deficiency is related to growing pains and nonspesific musculosceletal pain in children [22, 28] . According to these findings, we defend that children with nonspesific musculosceletal pain as a result of the lack of vitamin D can also be presented as chest pain.
Vitamin B 12 is needed to make blood cells and to provide bone density. In addition to this, it is also a well known pain killing vitamin for decades [10] . However, underlying mechanism of its the analgesic effect is poorly understood. In case of vitamin B12 deficiency, neurologic dysfunction and chronic pain can be occured [5] . Vitamin B12 deficiency is mostly related with neuropathic chronic pain like diabetic neuropathies and different types of neuralgia [10] . In the present study, vitamin B12 levels were lower in chest pain group, however this difference were not statistically significant. The present result is also, because neuropathic pain is unexpected, etiology of chest pain in children.
There is very limited data about the relationship between iron status and pain. A recent animal study has been showed the analghesic effect of iron oxide particles in inflamatuary pain sydrome [11] . However, it is a well known fact that iron status is very important for cardiovascular health and clinical spectrum of iron deficiency range from asymptomatic to heart failure [1]. For this reason, ferritin levels also were evaluated in case of related any concealed cardiac problem that could cause chest pain. Our results did not show any relationship between chest pain and iron deficiency. In addition to this result, all patients had normal electrocardiographic and echocardiographic evalution.
Limitations
The present study has some limitations. As this was a single-center study, the number of cases was very small. Due to the retrospective nature of this study, follow-up information and the effect of vitamin deficiency treatment were not been collected. Although, only detailed history and electrocardiography is enough for excluding cardiac etiology in children with chest pain, echocardiographic examination was performed because of forming the study group from the cases evaluated at pediatric emergency and/or other departments before and referred to pediatric cardiology department. Further studies should be performed with a larger number of subjects.
CONCLUSION
Children are not small size of adults and have a growing and developing nature. During this growing period, musculusceletal health which vitamin D is a major component is very important. Our study showed that low vitamin D levels are associated with idiopathic chest pain in children. We believe that most idiopathic chest pain cases may have nonspesific musculosceletal pain and measuring vitamin D levels provides to diagnose and avoid unnecessary further cardiac and other unnecessary medical testing .This study emphasized the necessity of evaluating nutritional parameters especially vitamin D levels in children with idiopathic chest pain.
